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IMAGE FORMING APPARATUS AND 
INTERMEDIATE TRANSFER UNIT 

DETACHABLY MOUNTABLE THEREON 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an image forming appa 

ratus utilizing an electrophotographic recording process 
such as a laser printer, a copying apparatus or a facsimile 
apparatus, and more particularly to an intermediate trans 
ferring unit for transferring an image on an image bearing 
body onto an intermediate transfer belt and further transfer 
ring the image on the intermediate transferring belt onto a 
transfer material, and an image forming apparatus provided 
With such intermediate transfer unit. 

2. Related Background Art 
An image forming apparatus utiliZing an intermediate 

transferring body has conventionally been proposed in vari 
ous forms exploiting an advantage of adaptability to various 
transfer materials, particularly as a color image forming 
apparatus in Which plural colors are superimposed. 

FIG. 10 shoWs an example of the image forming appa 
ratus utiliZing the intermediate transferring belt. Referring to 
FIG. 10, along the periphery of a photosensitive drum 101 
constituting an image bearing body, there are provided 
charging means 102, developing means of different colors 
106 (black), 107 (magenta), 108 (cyan), 109 (yelloW), an 
intermediate transferring belt 110 and photosensitive drum 
cleaner 118, and each of the developing means 106 to 109 
of different colors is brought into contact, When required, 
With the photosensitive drum 101 by unrepresented means. 

The photosensitive drum 101 is uniformly charged by the 
charging means 102 Which is applied a negative pole bias by 
a bias poWer source 103, and irradiated by exposure means 
104 as information Writing means With a laser beam 105 
modulated With an image signal so as to form an electrostatic 
latent image. Then toner as a developer Which is charged in 
the same polarity as that of the aforementioned bias poWer 
source is supplied by the developing means 106 to 109 onto 
the photosensitive drum 101 bearing thus formed electro 
static latent image to visualiZe such latent image as a toner 
image. Subsequently, a primary transfer roller 111 as a ?rst 
transfer member is given a voltage of a polarity opposite to 
that of the toner by a primary transfer bias poWer source 112, 
Whereby the toner image is electrostatically transferred to 
the intermediate transferring belt 110. The above-described 
process is repeated for the developing means 106 to 109 of 
plural colors, thereby forming a color image on the inter 
mediate transferring belt 110. Then a secondary transfer 
roller 113 as a second transfer member is given a voltage of 
a polarity opposite to that of the toner by a secondary 
transfer bias poWer source 114 to collectively transfer the 
color image onto a transfer material P such as paper, and a 
permanent color image is obtained by ?xing means 121. 

Also primary transfer residual toner remaining on the 
photosensitive drum 101 after the primary transfer step is 
recovered by the photosensitive drum cleaner 118. Second 
ary transfer residual toner remaining on the intermediate 
transferring belt 110 after the secondary transfer step is 
recovered by a cleaner 119. The cleaner 119 is reciprocatable 
in a direction indicated by an arroW, and is so controlled as 
to be separated from the intermediate transferring belt 110 
While the toner images of the different colors are in the 
course of the primary transfer to the intermediate transfer 
ring belt, but contacted With the intermediate transferring 
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2 
belt 110 after the superposed toner images of four colors are 
formed thereon. The intermediate transferring belt 110 is 
supported under a tension by a drive roller 115, an opposing 
roller 116 and a tension roller 117, and is driven in rotation 
in a direction indicated by an arroW, by the drive roller 115. 

In general, the intermediate transferring belt 110 has a 
thickness of 150 to 200 pm and a volumic resistivity of about 
1011 to 1016 Q-cm, and is composed for example of an 
electroconductive material based principally on a thermo 
plastic resin such as polyimide resin (PI), polycarbonate 
resin (PC) #21, polyvinylidene ?uoride resin (PVDF), poly 
alkylene phthalate resin, polyalkylene terephthalate resin 
(PC/PAT) blend, ethylene-tetra?uoroethylene copolymer 
(ETFE)/PC blend, an ETFE/PAT blend or a PC/PAT blend. 

HoWever, in the image forming apparatus of the above 
described conventional technology, in case transferring a 
color image, formed by superposing toner images of plural 
colors on the intermediate transferring body, onto a transfer 
material such as paper by the second transfer member, there 
may result an image defect by a transfer failure. 

Such draWback Will be explained more speci?cally With 
reference to a schematic vieW shoWn in FIG. 11. 

FIG. 11 is a magni?ed vieW of a vicinity of the secondary 
transfer portion and shoWs the relationship betWeen the 
contact state of the transfer material P With the intermediate 
transferring belt 110, and the transferrability, Wherein an 
arroW X indicates the conveying direction of the transfer 
material P and an arroW Y indicates a pressing direction of 
the secondary transfer roller 113. 
The transfer material P shoWs a concave portion (recessed 

portion) A and a convex portion (protruding portion) B on 
the surface. In the protruding portion B in a secondary 
transfer nip N, the transfer material P and toner T are in 
mutual contact, so that the toner T can be transferred onto 
the transfer material by the pressure of the secondary trans 
fer roller 113 applied by unrepresented pressuriZing means 
and by an electrostatic force generated by the secondary 
transfer bias applied from the secondary transfer bias poWer 
source 114 to the secondary transfer roller 113. 
On the other hand, in the concave portion Aof the transfer 

material P, if the intermediate transferring belt 110 and the 
opposing roller 116 have a high hardness, the pressure of the 
secondary transfer roller 113 exerts only a limited in?uence 
to Weaken the contact betWeen the transfer material P and the 
toner T, so that the transfer is executed only by the electro 
static force generated by the secondary transfer bias applied 
from the secondary transfer bias poWer source 114 to the 
secondary transfer roller 113 and the transferrability is 
deteriorated. 
As the transferrability becomes different corresponding to 

the convex and concave portions of the transfer material P 
as explained in the foregoing, there result image defects such 
as an unevenness in the density, an unevenness in the color 
hue particularly in case plural colors such as a secondary 
color or a tertiary color are superposed, or a transfer failure 
causing a spot-like toner dropout in the concave portion of 
the transfer material P. 

Such phenomena becomes particularly conspicuous in the 
case of a multi-color superposing Where the amount of the 
toner T becomes larger, and, in such case, the transfer 
becomes difficult to realiZe by the electrostatic force only 
and evidently causes image defects such as an unevenness in 
color or a transfer failure causing a spot-like toner dropout. 

Also the image defects based on such phenomena do not 
appear on a coated paper With little irregularities on the 
surface or a smooth paper (exclusive paper for color), but are 
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conspicuous on a paper of an inferior surface With signi? 
cant surface irregularities (plain paper or rough paper). 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an image 
forming apparatus capable of preventing a transfer uneven 
ness generated When a toner image on the intermediate 
transferring belt is transferred onto a transfer material, and 
an intermediate transfer unit to be detachably mounted on 
such image forming apparatus. 

Another object of the present invention is to provide an 
image forming apparatus comprising an image bearing body, 
an intermediate transferring belt formed With a resinous 
material, a transfer member for transferring the toner image 
on the intermediate transferring belt onto a transfer material, 
and an opposing member Which is provided to be opposed 
to the transfer member across the intermediate transferring 
belt, Wherein the toner image on the image bearing body is 
transferred onto the intermediate transferring belt, the trans 
fer member and the opposing member can be mutually 
pressured, and the intermediate transferring belt and the 
opposing member have an integrally measured microhard 
ness A smaller than 97°. 

Further object of the present invention is to provide an 
intermediate transfer unit comprising an intermediate trans 
ferring belt composed of a resinous material and an oppos 
ing member provided to be opposed to a transfer member 
Which transfers a toner image on the intermediate transfer 
ring belt onto a transfer material, Wherein the intermediate 
transferring belt and the opposing member have an inte 
grally measured microhardness A smaller than 97°. 

Still further objects of the present invention Will become 
fully apparent from the folloWing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW shoWing the con?guration of 
an image forming apparatus constituting a ?rst embodiment 
of the present invention; 

FIG. 2 is a vieW shoWing the conveying operation of an 
intermediate transferring belt; 

FIG. 3 is a vieW shoWing the con?guration of an opposing 
member; 

FIG. 4 is a magni?ed vieW of a vicinity of a secondary 
transfer portion; 

FIG. 5 is a diagram shoWing the relationship betWeen the 
?lm thickness of the intermediate transferring belt and an 
integral hardness of the intermediate transferring belt and 
the opposing member; 

FIG. 6 is a table shoWing the results of evaluation of the 
image transferrability and the conveying ability of the 
intermediate transferring belt in a durability test; 

FIG. 7 is a vieW shoWing a shape factor (SF-1) of the toner 
in a second embodiment of the present invention; 

FIG. 8 is a vieW shoWing a shape factor (SF-2) of the toner 
in a second embodiment of the present invention; 

FIG. 9 is a schematic vieW shoWing the con?guration of 
an image forming apparatus equipped With an intermediate 
transfer unit constituting a third embodiment of the present 
invention; 

FIG. 10 is a schematic vieW shoWing the con?guration of 
a conventional image forming apparatus; and 

FIG. 11 is a vieW for explaining an image defect in a 
conventional intermediate transferring belt and a transfer 
material. 
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4 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

<First Embodiment> 
In the folloWing there Will be eXplained a ?rst embodi 

ment of the image forming apparatus of the present 
invention, With reference to the accompanying draWings. 
FIG. 1 is a schematic vieW shoWing the con?guration of an 
image forming apparatus of a ?rst embodiment; FIG. 2 is a 
vieW shoWing the conveying operation of an intermediate 
transferring belt; FIG. 3 is a vieW shoWing the con?guration 
of an opposing member; FIG. 4 is a magni?ed vieW of a 
vicinity of a secondary transfer portion; FIG. 5 is a diagram 
shoWing the relationship betWeen the ?lm thickness of the 
intermediate transferring belt and an integral hardness of the 
intermediate transferring belt and the opposing member; and 
FIG. 6 is a table shoWing the results of evaluation of the 
image transferrability and the conveying ability of the 
intermediate transferring belt in a durability test. 
As shoWn in FIG. 1, a photosensitive drum 1 constituting 

the image bearing body and composed of a negatively 
chargeable organic photo-conductive (OPC) photosensitive 
body of a diameter of 47 mmq) is driven by an unrepresented 
drive means in a direction indicated by an arroW in the 
draWing and is uniformly charged to —650 V by a charging 
roller 2 as the charging means. Then an exposure apparatus 
3 as the information Writing means irradiates the photosen 
sitive drum 1 With a laser light L according to a yelloW 
image pattern to form an electrostatic latent image on the 
photosensitive drum 1. 
When the photosensitive drum 1 proceeds in the direction 

of the arroW, among developing apparatus 4a, 4b, 4c, 4d 
supported by a rotary support member 11, developing means 
4a containing yellow toner is so moved as to be opposed to 
the photosensitive drum 1, Whereby the latent image is 
rendered visible by the selected developing means 4a. 
An intermediate transferring belt 5, constituting the inter 

mediate transferring body and having an endless shape, is 
supported by an opposing roller 17 Which is an opposing 
member constituting an opposed portion for a secondary 
transfer roller 8b serving as the second transfer member, a 
drive roller 18 serving as a drive member for the interme 
diate transferring belt 5, and a tension roller 19 constituting 
a tension member for the intermediate transferring belt 5, 
and is rotated at a speed of 101% With respect to that of the 
photosensitive drum 1. 

The secondary transfer roller 8b and the intermediate 
transferring belt 5 can be mutually pressured through the 
intermediate transferring belt 5, and the opposing roller 17 
constitutes a back-up member for the secondary transfer 
roller 8b. 

Also, as shoWn in FIG. 2, the intermediate transferring 
belt 5 includes a rib 20 formed by a rubber member on its 
rear surface, While the opposing roller 17, the drive roller 18 
and the tension roller 19 are provided, at an end portion 
thereof, With guide members 21, 22, 23 for guiding the rib 
20, thereby preventing the lateral displacement of the inter 
mediate transferring belt 5 and stabiliZing the conveying 
thereof. 
The toner image formed and borne on the photosensitive 

drum 1 is primary transferred onto the eXternal periphery of 
the intermediate transferring belt 5, by a primary transfer 
bias voltage applied to a primary transfer roller 8a consti 
tuting the ?rst transfer member by a primary transfer bias 
poWer source 15. 

The above-described process is repeated for yelloW color, 
magenta color, cyan color and black color to obtain toner 
images of plural colors on the intermediate transferring belt 
5. 



US 6,920,299 B2 
5 

Then, at a predetermined timing, a transfer material 
constituting the recording material is fed from a transfer 
material cassette 12 by a pick up roller 13. At the same time, 
the secondary transfer roller 8b and the opposing roller 17 
are mutually pressured through the intermediate transferring 
belt 5, and a secondary transfer bias voltage is applied to the 
secondary transfer roller 8b by a secondary transfer bias 
poWer source 16 Whereby the toner image is transferred 
from the intermediate transferring belt 5 to the transfer 
material. 

The transfer material is further conveyed by a conveying 
belt 14 to the ?xing apparatus 6 and subjected to a ?xation 
by fusion Whereby a color image is obtained. Also the 
transfer residual toner on the intermediate transferring belt 5 
is given a charge by an intermediate transfer cleaning roller 
24 and is inversely transferred onto the photosensitive drum 
at a next primary transfer. The use of the intermediate 
transfer cleaning roller as the cleaning means for the inter 
mediate transferring belt 5 alloWs to reduce the stress 
applied to the intermediate transferring belt 5 in comparison 
With the blade cleaning means in the conventional art, 
thereby preventing a breakage or a scar of the intermediate 
transferring belt 5. On the other hand, the transfer residual 
toner on the photosensitive drum 1 is removed by knoWn 
blade cleaning means 7. 

The image forming apparatus of the present embodiment 
employs the developing means 4a to 4d supported by the 
rotary support member 11, but such con?guration is not 
restrictive and the present invention can naturally be applied 
With similar effects to an image forming apparatus of 
so-called tandem type in Which the photosensitive drum 1 is 
employed in a number same as that of the developing means. 

In the folloWing there Will be given a more detailed 
explanation on the opposing roller 17 and the intermediate 
transferring belt 5 employed in the present embodiment. As 
shoWn in FIG. 3, the opposing roller 17 is constituted by an 
aluminum metal core 30 of a diameter of 28 mmq) and a 
rubber layer 31 serving as an elastic layer and composed of 
EPDM of a thickness of 1 mm. It has a resistance of 5><103 
Q (under the application of DC 50 V) and a microhardness 
of 20° to 60°. 

The microhardness is measured With MICRODUROM 
ETER (MD-1), manufactured by Kobunshi Keiki Co., in a 
state Where the rubber layer is formed on the metal core 30. 

The rubber layer on the surface of the opposing roller 17 
may be composed of NBR, epichlorohydrin, butadiene 
rubber, butyl rubber or a mixture thereof. 

The tWo-folloWing intermediate transferring belt 5 is 
employed in the measurement, namely: (a) a single-layered 
polyvinylidene ?uoride (PVDF) in Which an electroconduc 
tive agent is dispersed and Which has a peripheral length of 
450 mm, a resistance of 1011 Q-cm, a ?lm thickness of 100 
pm and a microhardnessAof 97° measured integrally on the 
opposing roller 17 and the intermediate transferring belt 5; 
and (b) a single-layered polyvinylidene ?uoride (PVDF) in 
Which an electroconductive agent is dispersed and Which has 
a peripheral length of 450 mm, a resistance of 1011 Q-cm, a 
?lm thickness of 80 pm and a microhardness A of 92° 
measured integrally on the opposing roller 17 and the 
intermediate transferring belt 5. 

The microhardness mentioned above is measured With 
MICRODUROMETER (MD-1), manufactured by Kobun 
shi Keiki Co., and the measurement is executed from the 
front surface side of the belt in a state Where the intermediate 
transferring belt 5 is Wound almost Without a gap on the 
opposing roller 17. A similar measurement data can be 
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6 
obtained also by measuring a contacting portion of the 
intermediate transferring belt 5 With the opposing roller 17 
in a state Where the intermediate transferring belt 5 is 
supported under a tension in an integral unit including the 
intermediate transferring belt 5 and the opposing roller 17. 
The ?lm thickness of the intermediate transferring belt 5 

is measured With a micrometer. For example, the interme 
diate transferring belt 5 has a thickness of 30 to 100 pm, 
preferably 60 to 90 pm, and a volumic resistivity of 108 to 
1016 Q-cm, preferably 109 to 1013 Q-cm. 
The present embodiment employs an intermediate trans 

ferring belt 5 composed of PVDF, but there can also be 
employed other materials for example resinous materials 
such as polystyrene, polyamide, polyethylene terephthalate 
(PET), polycarbonate or a mixture thereof. 

In the folloWing there Will be explained the features and 
functions of the present embodiment. 

In the present embodiment, the microhardeness A of the 
intermediate transferring belt 5 and the opposing roller 17 is 
Within a range 70°<A<97°, preferably 80°<A<95°, and the 
?lm thickness of the intermediate transferring belt 5 is 
Within a range of 30 to 100 pm. 
NoW reference is made to a schematic vieW shoWn in FIG. 

4, for explaining the relationship betWeen the contact of the 
transfer material P With the intermediate transferring belt 5, 
and the transferrability. FIG. 4 is a magni?ed vieW of a 
vicnity of the secondary transferring portion, Wherein an 
arroW X indicates the conveying direction of the transfer 
material P and an arroW Y indicates a pressing direction of 
the secondary transfer roller 8b. 
The transfer material P shoWs a concave portion A and a 

convex portion B on the surface. In the protruding portion B 
in a secondary transfer nip N, the transfer material P and 
toner T are in mutual contact, so that the toner T can be 
transferred onto the transfer material P by the pressure of the 
secondary transfer roller 8b applied by unrepresented pres 
suriZing means and by an electrostatic force generated by the 
secondary transfer bias applied from the secondary transfer 
bias poWer source 16 to the secondary transfer roller 113. 

In the case A<97°, the toner T in the convex portion B of 
the transfer material P is embedded to the intermediate 
transferring belt 5 by the pressure of the secondary transfer 
roller 8b, and the toner T and the transfer material P are in 
close contact even in the recessed portion A. Therefore the 
toner T can be uniformly transferred to the transfer material 
P regardless of the surface irregularities of the transfer 
material P. Consequently a satisfactory image can be 
obtained Without image defects such as a density unevenness 
resulting from a transfer failure, an unevenness in color or 
a transfer failure causing a spot-like toner dropout. 

Then, FIG. 5 shoWs the result of measurement of a 
relationship betWeen the ?lm thickness of the intermediate 
transferring belt 5 and the microhardness A measured inte 
grally on the opposing roller 17 and the intermediate trans 
ferring belt 5. According to the result in FIG. 5, in case the 
?lm thickness of the intermediate transferring belt 5 exceeds 
100 pm, the microhardness A is not changed by a change in 
the hard ness of the opposing roller 17 and becomes A>97°, 
thereby causing the aforementioned transfer failure. 
On the other hand, in the case the ?lm thickness of the 

intermediate transferring belt 5 is less than 30 pm (in such 
case there may result a situation A; 70°), the strength of the 
intermediate transferring belt 5 becomes de?cient. Conse 
quently there is generated a misregistration in Which the 
toner images of plural colors are mutually displaced at the 
transfer position. Also the tension applied to the intermedi 
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ate transferring belt 5 causes a permanent elongation thereof. 
Furthermore, at the image formation, the intermediate trans 
ferring belt 5 is conveyed in a rotary motion With a prede 
termined difference in the peripheral speed With respect to 
that of the photosensitive drum 1, but the de?cient strength 
of the intermediate transferring belt 5 results in a conveying 
failure in Which the rib 20 provided on the rear surface of the 
intermediate transferring belt 5 rides on the guide members 
21, 22, 23 provided for preventing the lateral displacement 
thereof. 

Consequently, the ?lm thickness of the intermediate trans 
ferring belt 5 is selected equal to 30 pm or larger (in this state 
there is attained a relation A>70°) to obtain a suf?cient 
rigidity thereof, thereby preventing misregistration and real 
iZing an image of a high de?nition. Also the intermediate 
transferring belt 5 can be prevented from the permanent 
elongation and there can be used a suf?cient tension. In 
addition, there can be prevented the conveying failure in 
Which the rib 20, provided on the rear surface of the 
intermediate transferring belt 5, rides on the guide members 
21, 22, 23 provided for preventing the lateral displacement 
thereof. 

Also a microhardness A>80° alloWs to select a larger ?lm 
thickness for the intermediate transferring belt and further 
increases the rigidity of the intermediate transferring belt 5, 
thereby expanding the margin for the misregistration and the 
permanent elongation and advantageously extending the 
service life of the intermediate transferring belt. 
On the other hand, in the case the microhardness A, 

measured integrally on the intermediate transferring belt and 
the opposing roller, satis?es a relation A<95°, the toner and 
the transfer material can be contacted more closely thereby 
achieving satisfactory image formation Without a transfer 
failure, even on a rougher paper. 

Based on the foregoing, the microhardness A, measured 
integrally on the intermediate transferring belt and the 
opposing roller satisfying a condition A<97°, alloWs to 
obtain a satisfactory image Without image defects such as a 
density unevenness resulting from defective transfer, an 
unevenness in color or a transfer failure causing a spot-like 
toner dropout. 

Also the ?lm thickness of the intermediate transferring 
belt selected Within a range of 30 to 100 pm alloWs to realiZe 
stable conveying of the intermediate transferring belt, With 
out affecting the prevention of the transfer failure. 

Also in the case of the ?lm thickness Within this range, the 
microhardness A measured integrally on the intermediate 
transferring belt and the opposing roller can be maintained 
Within a range 70°<A<97°. 

In consideration of the prevention of the transfer failure 
and the strength of the intermediate transferring belt, the 
microhardness A is more preferably Within a range of 
80°<A<95°. 
As explained in the foregoing, the present embodiment is 

capable not only of realiZing stable conveying of the inter 
mediate transferring belt but also of image defects resulting 
from a defective transfer such as a density unevenness, a 
color unevenness or a transfer failure causing a spot-like 
toner dropout. 

(Evaluation of Embodiment) 
In order to examine the effect of the image forming 

apparatus of the present embodiment, an image forming 
apparatus of a process speed of 120 mm/sec Was passed, 
together With a comparative example to be explained in the 
folloWing, With a letter-siZed recording paper, Premium 
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8 
Multipurpose 4024 paper supplied by Xerox Corp. 
(hereinafter represented as Xx4024), of a base Weight of 75 
g/m2 as a representative example of plain paper and a 
letter-siZed recording paper, Fox River Bond supplied by 
Fox River Corp. (hereinafter represented as FB), of a base 
Weight of 75 g/m2 as a representative example of rough 
paper, and evaluation Was made on the image defect result 
ing from a defective transfer causing a spot-like dropout of 
the toner of a secondary color in the image and the convey 
ing performance of the intermediate transferring belt 5. 

COMPARATIVE EXAMPLE 1 

The intermediate transferring belt is composed of single 
layered polyvinylidene ?uoride (PVDF) in Which an elec 
troconductive agent is dispersed, and has a resistance of 
1011 Q-cm and a ?lm thickness of 130 pm. The opposing 
roller is composed of an aluminum metal core of a diameter 
of 28 mmq), and an EPDM layer of a thickness of 1 mm. It 
has a resistance of 5><103 Q and a microhardness A of 98° 
measured integrally on the opposing roller and the interme 
diate transferring belt. 

COMPARATIVE EXAMPLE 2 

The intermediate transferring belt is composed of single 
layered polyvinylidene ?uoride (PVDF) in Which an elec 
troconductive agent is dispersed, and has a resistance of 1011 
Q-cm and a ?lm thickness of 25 pm. The opposing roller is 
composed of an aluminum metal core of a diameter of 28 
mmq), and an EPDM layer of a thickness of 1 mm. It has a 
resistance of 5><103 Q and a microhardness A of 60° mea 
sured With including the opposing roller and the intermedi 
ate transferring belt integrally. 

(Result of Evaluation) 
FIG. 6 shoWs the result of evaluation on the image in a 

durability test and on the intermediate transferring belt, in 
the image forming apparatus of the present embodiment and 
of the comparative examples. 
The image forming apparatus of the present embodiment 

employing the aforementioned intermediate transferring belt 
5 (a) did not shoW the image defect such as the defective 
transfer causing a spot-like dropout on the plain paper 
Xx4024, but shoWed a slight image defect of a practically 
acceptable level on the FB paper of inferior surface quality. 
On the other hand, the image forming apparatus employ 

ing the aforementioned intermediate transferring belt 5 (b) 
did not shoW the image defect both on the plain paper 
Xx4024 and the paper FB of interior surface quality. 

Also in either case, there Was not generated the riding of 
the rib 20 on the guide members 21, 22, 23 resulting from 
the conveying failure of the intermediate transferring belt 5. 
The comparative example 1 did not shoW the riding of the 

rib 20 on the guide members resulting from the conveying 
failure of the intermediate transferring belt 5, but shoWed an 
image defect such as a transfer failure causing a spot-like 
dropout. 
The comparative example 2 did not shoW the image defect 

such as the transfer failure causing a spot-like dropout, but 
shoWed a riding of the rib 20 on the guide members 21, 22, 
23 resulting from the conveying failure of the intermediate 
transferring belt 5. 
As explained in the foregoing, the image forming appa 

ratus of the present embodiment is capable of maintaining a 
high image quality over a prolonged period and achieving 
stable conveying of the intermediate transferring belt 5, 
Without causing image defects such as a density unevenness, 
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an unevenness in color or a transfer failure causing a 
spot-like toner dropout, or a riding of the rib 20 of the 
intermediate transferring belt 5 on the guide members 21, 
22, 23. 
<Second Embodiment> 

In the folloWing there Will be explained, With reference to 
the accompanying draWings, a second embodiment of the 
image forming apparatus of the present invention. FIG. 7 is 
a vieW shoWing a shape factor (SF-1) of the toner of the 
present embodiment, and FIG. 8 is a vieW shoWing another 
shape factor (SF-2). In the folloWing description, portions 
same as those in the foregoing ?rst embodiment Will be 
represented by same numbers and Will not be explained 
further. 

The present embodiment employs an intermediate trans 
ferring belt 5 and an opposing roller 17 similar to those in 
the ?rst embodiment. More speci?cally, the intermediate 
transferring belt 5 and the opposing roller 17 have a micro 
hardness A Within a range of 70°<A<97°, and the interme 
diate transferring belt 5 has a thickness Within a range of 30 
to 100 pm. Also toners in the developing means 4a to 4d 
have a shape factor SF1 Within a range of 100 to 150, and 
a shape factor SF2 Within a range of 100 to 140. 

In the folloWing there Will be given a detailed explanation 
on the toner to be used in the present embodiment. 

In the image forming apparatus of the present 
embodiment, there can be employed a conventional toner 
that can be prepared by a grinding method or a polymer 
iZation method, but it is particularly advantageous to employ 
toner particles to be explained in the folloWing. 

The toner particle of the present invention preferably has 
a shape factor SF-l Within a range of 100 to 150 and a shape 
factor SF-2 Within a range of 100 to 140 as measured by an 
image analyZing apparatus, and more preferably the shape 
factor SF-l of 100 to 140 and the shape factor SF-2 of 100 
to 120. Also the ratio, (SF-2)/(SF-1), selected equal to or 
loWer than 1.0 in addition to the foregoing conditions not 
only realiZes the characteristics of the toner particle but also 
achieves extremely satisfactory matching With the image 
forming apparatus. 
As shoWn in FIGS. 7 and 8, the shape factors SF-l and 

SF-2 to be employed in the present invention are obtained by 
sampling at random 100 images of the toner particles, 
magni?ed by 500 times With an FESEM (5-800) manufac 
tured by Hitachi & Co., introducing the obtained image 
information into an image analyZing apparatus LuZex 3 
manufactured by Nicore Co. through an interface, and 
executing calculation according to the folloWing equations: 

Wherein 
AREA: projected area of toner particle, 
MXLNG: absolute maximum length, and 
PERI: peripheral length. 
The shape factor SF-l of the toner particle indicates the 

level of roundness of the toner particle, and the shape of the 
toner particle gradually shifts from a spherical shape to an 
amorphous shape as this value increases. The shape factor 
SF-2 indicates the level of surface irregularity of the toner 
particle, and the surface irregularities become larger as this 
value increases. 

In the case the aforementioned shape factor SF-l exceeds 
160, the shape of the toner particles becomes amorphous 
Whereby the distribution of the charge amount of the toner 
particles becomes broader and the surface of the toner 
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10 
particles becomes more easily abraded in the developing 
device, thereby resulting in a decrease in the image density 
and an image fog. 

Also for improving the transfer ef?ciency of the toner 
particle image, it is preferred that the shape factor SF-2 of 
the toner particle is Within a range of 100 to 140 and the ratio 
of (SF-2)/(SF-1) does not exceed 1.0. 

In the case the shape factor SF-2 of the toner particles 
exceeds 140 and the ratio (SF-2)/(SF-1) exceeds 1.0, the 
surface of the toner particle is not smooth but has many 
irregularities, so that the releasing property of the toner 
particles from the intermediate transferring belt 5 is dete 
riorated to reduce the transfer ef?ciency to the transfer 
material such as paper, thus tending to cause image defects 
such as a density unevenness, an unevenness in color and a 
transfer failure causing a spot-like toner dropout. 

Therefore, the toner particle having a spherical shape 
improves the releasing property of the toner from the 
intermediate transferring belt 5, thereby further improving 
the transfer efficiency and preventing the image defects such 
as a density unevenness, an unevenness in color or a 

defective transfer causing a spot-like toner dropout. 
As explained in the foregoing, the image forming appa 

ratus of the present embodiment is capable of maintaining a 
high image quality over a prolonged period and achieving 
stable conveying of the intermediate transferring belt 5, 
Without causing image defects such as a density unevenness, 
an unevenness in color or a transfer failure causing a 
spot-like toner dropout, or a riding of the rib 20 of the 
intermediate transferring belt 5 on the guide members 21, 
22, 23. 

<Third Embodiment> 
In the following there Will be explained, With reference to 

the accompanying draWings, an intermediate transfer unit 
and an image forming apparatus constituting a third embodi 
ment of the present invention. FIG. 9 is a schematic vieW 
shoWing the con?guration of an image forming apparatus of 
the present embodiment, Wherein portions same as those in 
the foregoing ?rst embodiment Will be represented by same 
numbers and Will not be explained further. 
As shoWn in FIG. 9, in the image forming apparatus of the 

present embodiment, at least an intermediate transferring 
belt 5 and an opposing roller 25 serving also as a driving 
member for the intermediate transferring belt 5 are integrally 
formed as a unit (intermediate transfer unit), and such unit 
is detachably mountable to a main body of the image 
forming apparatus. 
When the intermediate transfer unit 80 is mounted on the 

main body of the apparatus, the opposing roller 25 can be 
pressed to a transfer roller 8b across the intermediate trans 
ferring belt 5. 
The intermediate transfer unit 80 further integrally 

includes a photosensitive drum 1, a charging roller 2, 
cleaning means 7 for the photosensitive drum 1, a tension 
roller 18, and an intermediate transfer cleaning roller 24 
serving as cleaning means for the intermediate transferring 
belt 5, and the intermediate transfer unit 80 therefore also 
serves as an image forming unit Which is detachably mount 
able in the main body of the image forming apparatus. 
The intermediate transferring belt 5 is composed of poly 

vinylidene ?uoride (PVDF) resin, and has a ?lm thickness of 
60 pm and a resistance of 1011 Q-cm. The opposing roller 25 
is composed of an aluminum metal core, and an EPDM layer 
of a thickness of 1 mm and a microhardness of 40°. The 
microhardness A measured integrally on the intermediate 
transferring belt 5 and the opposing roller 25 is 87°. 
The toner T is of a shape similar to that in the second 

embodiment and Will not therefore be explained further. 
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As explained in the foregoing, it is rendered possible to 
prevent image defects such as a density unevenness, an 
unevenness in color and a defective transfer causing a 
spot-like toner dropout, to achieve stable conveying of the 
intermediate transferring belt 5 thereby maintaining a high 
image quality over a prolonged period, and to achieve the 
replacement of the intermediate transferring belt 5 by a 
simple operation Whereby the increase in the permanent 
elongation of the intermediate transferring belt 5 is not 
longer a problem. 

It is also rendered possible to employ an inexpensive resin 
in the intermediate transferring belt 5, thereby achieving a 
reduction in the cost, and to alleviate the toil of the user in 
various maintenance Works such as the replacement of the 
intermediate transferring belt after its service life, thereby 
enabling to obtain an output image in stable manner With 
simple operations. 
As explained in the foregoing, the present invention 

alloWs to maintain a high image quality over a prolonged 
period and to achieve stable conveying of the intermediate 
transferring belt, Without causing image defects such as a 
density unevenness, an unevenness in color or a defective 
transfer causing a spot-like toner dropout, or a riding of the 
rib of the intermediate transferring belt on the guide mem 
bers. 

Also by the use of an intermediate transfer unit, integrally 
including at least an intermediate transferring belt and an 
opposing member and rendered detachably mountable on an 
image forming apparatus, the intermediate transferring belt 
can be replaced by a simple operation, and the increase of 
the permanent elongation of the intermediate transferring 
belt is no longer a problem. It is also rendered possible to 
employ an inexpensive resin in the intermediate transferring 
belt 5, thereby achieving a reduction in the cost, and to 
alleviate the toil of the user in various maintenance Works 
such as the replacement of the intermediate transferring belt 
after its service life, thereby enabling to obtain an output 
image in stable manner With simple operations. 

In the foregoing, the present invention has been explained 
by embodiments thereof, but the present invention is not 
limited by such embodiments and includes any and all 
modi?cations Within the scope of the present invention. 
What is claimed is: 
1. An image forming apparatus comprising: 
an image bearing body; 
an intermediate transferring belt composed of a single 

resinous layer; 
Wherein a toner image on the image bearing body is 

transferred onto the intermediate transferring belt; 
a transfer member for transferring the toner image on the 

intermediate transferring belt onto a transfer material; 
and 

an opposing member provided to be opposed to the 
transfer member across the intermediate transferring 
belt, 

Wherein the transfer member and said opposing member 
can be mutually pressured; and 

a microhardness measured from a surface side of the 
intermediate transferring belt Where said opposing 
member contacts is less than 97°. 

2. An image forming apparatus according to claim 1, 
Wherein the intermediate transferring belt has a thickness 
Within a range of 30 to 100 pm. 

3. An image forming apparatus according to claim 1, 
Wherein the microhardness is more than 70°. 

4. An image forming apparatus according to claim 3, 
Wherein the microhardness more than 80° and less than 95°. 
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5. An image forming apparatus according to claim 1, 

Wherein the opposing member includes an elastic layer. 
6. An image forming apparatus according to claim 1, 

Wherein the opposing member is a roller. 
7. An image forming apparatus according to claim 1, 

Wherein a toner has a shape factor SF-l Within a range of 100 
to 150 and a shape factor SF-2 Within a range of 100 to 140. 

8. An image forming apparatus according to claim 1, 
Wherein the intermediate transferring belt has an endless 
shape and is Wound around the opposing member. 

9. An image forming apparatus according to claim 1, 
Wherein the intermediate transferring belt and the opposing 
member are formed as an integral intermediate transfer unit 
is detachably attachable to a main body of the image forming 
apparatus. 

10. An image forming apparatus according to claim 9, 
Wherein the intermediate transfer unit includes the image 
bearing body. 

11. An image forming apparatus according to claim 1, 
Wherein a resin of the single resinous layer is PVDF, 
polystyrene, polyimide, PET, polycarbonate or a mixture 
thereof. 

12. An intermediate transfer unit detachably attachable to 
a main body of an image forming apparatus, the transfer unit 
comprising: 

an intermediate transferring belt composed of a single 
resinous layer; and 

an opposing member provided to be opposed, across said 
intermediate transferring belt, to a transfer member for 
transferring a toner image on said intermediate trans 
ferring belt onto a transfer material; 

Wherein a microhardness A measured from a surface side 
of the intermediate transferring belt Where said oppos 
ing member contacts is less than 97°. 

13. An intermediate transfer unit according to claim 12, 
Wherein the intermediate transferring belt has a thickness 
Within a range of 30 to 100 pm. 

14. An intermediate transfer unit according to claim 13, 
Wherein the microhardness is more than 80° and less than 
95°. 

15. An intermediate transfer unit according to claim 12, 
Wherein the microhardness is more than 70°. 

16. An intermediate transfer unit according to claim 12, 
Wherein the opposing member includes an elastic layer. 

17. An intermediate transfer unit according to claim 12, 
Wherein the opposing member is a roller. 

18. An intermediate transfer unit according to claim 12, 
Wherein, When the intermediate transfer unit is attached to 
the main body of the image forming apparatus, the opposing 
member and the transfer member can be mutually pressed 
across the intermediate transferring belt. 

19. An intermediate transfer unit according to claim 12, 
Wherein the intermediate transferring belt has an endless 
shape and is Wound around the opposing member. 

20. An intermediate transfer unit according to claim 12, 
further comprising an image bearing body, Wherein a toner 
image on the image bearing body is transferring onto the 
intermediate transferring belt. 

21. An intermediate transfer unit according to claim 12, 
Wherein a resin of the single resinous layer is PVDF, 
polystyrene, polyimide, PET, polycarbonate or a mixture 
thereof. 

22. An intermediate transfer unit according to claim 21, 
Wherein the opposing member includes an elastic layer. 

23. An intermediate transfer unit according to claim 21, 
Wherein the opposing member is a roller. 

24. An intermediate transfer unit according to claim 21, 
Wherein a toner has a shape factor SF-l Within a range of 100 
to 150 and a shape factor SF-2 Within a range of 100 to 140. 
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25. An intermediate transfer unit according to claim 21, 
Wherein the intermediate transferring belt has an endless 
shape and is Wound around the opposing member. 

26. An intermediate transfer unit according to claim 21, 
Wherein the intermediate transferring belt and the opposing 
member are formed as an integral intermediate transfer unit, 
and the intermediate transfer unit is detachably attachable to 
a main body of the image forming apparatus. 

27. An image forming apparatus according to claim 26, 
Wherein the intermediate transfer unit includes the image 
bearing body. 

28. An image forming apparatus comprising: 
an image bearing body; 
an intermediate transferring belt having thickness Within 

a range of 30 to 100 pm, Wherein a toner image on the 
image bearing body is transfered onto the intermediate 
transferring belt; 

a transfer member for transferring the toner image on the 
intermediate transferring belt onto a transfer material; 
and 

an opposing member provided to be opposed to the 
transfer member across the intermediate transferring 
belt, 

Wherein the transfer member and the opposing member 
can be mutually pressured; and 

a microhardness measured from a surface side of the 
intermediate transferring belt Where said opposing 
member contacts is less than 97°. 

29. An image forming apparatus according to claim 28, 
Wherein the microhardness is more than 70°. 

30. An image forming apparatus according to claim 29, 
Wherein the microhardness is more thant 80° and less than 
95°. 

31. An image forming apparatus according to claim 28, 
Wherein the intermediate transferring belt includes a resin 
ous layer. 

32. An image forming apparatus according to claim 31, 
Wherein a resin of the resinous layer is PVDF, polystyrene, 
polyimide, PET, polycarbonate or a miXture thereof. 

33. An intermediate transfer unit detachably attachable to 
a main body of an image forming apparatus, the transfer unit 
comprising: 
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an intermediate transferring belt having a thickness Within 

a range of 30 to 100 pm; and 

an opposing member provided to be opposed, across the 
intermediate transferring belt, to a transfer member for 
transferring a toner image on said intermediate trans 
ferring belt onto a transfer material; 

Wherein a microhardness measured from a surface side of 
the intermediate transferring belt Where said opposing 
member contacts is less than 97°. 

34. An intermediate transfer unit according to claim 33, 
Wherein the intermediate transferring belt has a thickness 
Within a range of 30 to 100 pm. 

35. An intermediate transfer unit according to claim 33, 
Wherein the microhardness is more than 70°. 

36. An intermediate transfer unit according to claim 35, 
Wherein the microhardness is more than 80° and less than 
95°. 

37. An image forming apparatus according to claim 33, 
Wherein the intermediate transferring belt includes a resin 
ous layer. 

38. An intermediate transfer unit according to claim 37, 
Wherein a resin of the resinous layer is PVDF, polystyrene, 
polyimide, PET, polycarbonate or a miXture thereof. 

39. An intermediate transfer unit according to claim 33, 
Wherein the opposing member includes an elastic layer. 

40. An intermediate transfer unit according to claim 33, 
Wherein the opposing member is a roller. 

41. An intermediate transfer unit according to claim 33, 
Wherein, When the intermediate transfer unit is attached to 
the main body of the image forming apparatus, the opposing 
member and the transfer member can be mutually pressed 
across the intermediate transferring belt. 

42. An intermediate transfer unit according to claim 33, 
Wherein the intermediate transferring belt has an endless 
shape and is Wound around the opposing member. 

43. An intermediate transfer unit according to claim 33, 
further comprising an image bearing body, Wherein a toner 
image bearing body is transferred onto the intermediate 
transferring belt. 
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